More and more observations show that large ground-level enhancement (GLE) events are often associated with twin coronal mass ejections (CMEs). In the twin-shock scenario, the preceding CME-driven shock provides an enhanced-level turbulence at the upcoming CME-driven shock. Here, we present a twin-shock model to simulate the GLE event on 2012 May 17, which would be associated with the twin-shock interactions. Using the particle simulation method to examine the effect of the preceding CMEs being surrounded by the forthcoming CMEs on the energy spectrum. As results, we simulate the twin-shock interactions and obtain the compound proton spectrum. We suggest that the twin-shock interactions would produce an GLE event with an "ankle-like" proton spectral slope.
Motivation:
More and more observations show that large ground-level enhancement (GLE) events are often associated with twin coronal mass ejections (CMEs). In the twin-shock scenario, the preceding CME-driven shock provides an enhanced-level turbulence at the upcoming CME-driven shock. Here, we present a twin-shock model to simulate the GLE event on 2012 May 17, which would be associated with the twin-shock interactions. Using the particle simulation method to examine the effect of the preceding CMEs being surrounded by the forthcoming CMEs on the energy spectrum. As results, we simulate the twin-shock interactions and obtain the compound proton spectrum. We suggest that the twin-shock interactions would produce an GLE event with an "ankle-like" proton spectral slope.
Model & Parameters:
We use the twin-shock scenario to simulate the formation of the compound energy spectrum. We give the schematic diagram and simulation parameters in Fig. 1 and Table 1 (also can be referred to Wang, et al., A&A, 2011; RAA, 2012 RAA, ,2016 ApJS, 2013; ApJ,2017) . Fig.2(left) shows the profiles of the twin-shock density evolution with the position during the simulation time Q=7. These two shock fronts are approximating and have an interaction. Fig.3(right) shows that the simulated energetic particles(protons) are accelerated in the twin-shock fronts with multiple crossing cycles. The maximum velocity value Vmax=40.4 for particle is represented by the dimensionless value, and its scaled value for Emax is about 20MeV. Fig.4 (below) shows the shock energy spectrum calculated in the twin-shock interaction region in the simulated case. The energy spectrum (blue) shows the double power-law shape with normal representation. The energy spectrum (red) shows the "concave" power-law shape with specific representation. Viewing from the plot, the property of the "concave" shape appears at the energy range from 1 to 5 MeV. 
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Conclusions
Using the Monte Carlo particle simulation method, we obtain the maximum energy particle about 20MeV in twin-shock scenario, which is higher than the one about 5MeV in a single shock model. Also, our simulation result shows the signal of the energy spectral "concave" at the energy range from 1 to 5MeV. We suggest that the twin-shock interactions would produce an GLE event with an "ankle-like" proton spectral slope.
